(19) 



Europilsches Patentamt 
European Patent Office 
Office europten des brevets 




(12) 



(11) EP 1 460 715 A1 
EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) intci7: H01Q 1/36, H01Q 1/38, 


££m\3jf»£W'% DUIieiin ^UUwOsf 


HOI Q 5/00 


1 ^ AppnCallOn nUmDGr U4UUOO^U.Z 




(22) Date of filing: 09.03.2004 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE OK EE ES Fl FR GB GR 


• Aoyama, HiroyukI 


HU IE IT LI LU WIC NL PL PT Rp SE SI SK TR 


IWInato-ku Tokyo 105-8614 (JP) 


Designated Extension States: 


• Tanaka, Yasunori 


AL LT LV MK 


Minato-ku Tokyo 105-8614 (JP) 


(30) Priority: 20.03.2003 JP 2003079005 


(74) Representative: Strehl SchQbei-Hopf & Partner 




A/laximilianstrasse 54 


(71) Applicant: Hitachi Metais, Ltd. 


80538 iVIQnciien (DE) 


Minato-lcu, Tol(yo 1 05-861 4 (JP) 





(54) Surface mount type chip antenna and conramunication equipment using the same 



(57) According to the present invention, a surface 
mount type chip antenna comprises a base made of a 
dielectric, magnetic substance or mixture thereof, at 
least one temiinal portion provided on the mounted face 
of the base, a concave provided In the mounted face of 
the base except in the terminal portion, and at least one 



conductive wire wound around the base. Another fea- 
ture is a surface mount type antenna device comprising 
a surface mount type chip antenna arranged in the vi- 
cinity of metallic functional components, and filter cir- 
cuits connected to the power source side terminal of the 
metallic functional components. 



FIG. 1B 



41S' 




BEST AVAILABLE COPY 



1 

Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a chip antenna 
for use in communication equipment, such as a cellular 
phoneor a mobile tenninal device, and more particularly 
to a surface mount type chip antenna in which a con- 
ductive wire is wound on the surface of a base, and com- 
munication equipment mounted therewith. 

BACKGROUND OF THE INVENTION 

[0002] An example of conventional surface mount 
type chip antenna using a conductive wire is shown in 
Fig. 20 (see the Japanese Patent Laid-Open No. H11 
(1 999)-205025). this drawing shows a perspective view 
of a chip antenna 90, which is provided with a conductive 
wire 92 spirally wound inside a base 91 in its lengthwise 
direction, a powerfeed terminial 93 which is formed over 
the surface of the base 91 and to which one end of the 
conductive wire 92 is connected, and a grounding ter- 
minal ortemninals 94fonnedat least either with in or over 
the surface of the..base 91^. Reference sign 95 denotes 
an open end, and:96, a ground pattern. As this chip an- 
tenna 90 has its conductive wire 92 formed inside the 
base 91, its manufacturing. process is. complex. Be- 
cause of this fonnation of the conductive wire 92 inside 
the base 91 , it is also impossible, after the manufacture, 
to vary the length of the conductive wire to adjust the 
resonance frequency or to match the input Impedance 
to, for instance, 50 ohms. Furthermore, even if the con- 
ductive wire is spirally wound around the other surface 
of the base, when this chip antenna is to be mounted on 
a substrate, the presence of the conductive wire outside 
would mal<e it correspondingly difficult to settle it on the 
substrate, which means a problem in mounting stability. 
Even after its mounting, if a bending force worl<s on the 
substrate, a stress will arise in the chip antenna terminal 
portion and, moreover, the antenna will be affected by 
a distortion due to the difference in themnal expansion 
coefficient from the substrate. 
[0003] One of the attempts to eliminate this manufac- 
turing complexity and the poor mounting stability is, for 
example, a chip antenna disclosed in the Japanese Pat- 
ent Laid-Open No. 2002-16419. In this surface mount 
type chip antenna, a level-gapped portion 120 is provid- 
ed around the full circumference of a base 1 1 0 as shown 
in Fig. 21 , a spiral conductive wire 1 30 is wound around 
this level-gapped portion 120, and the two ends of this 
conductive wire 1 30 are connected via conductive caps 
140 and 150, each covering the whole circumferential 
face of terminal portions at both ends of the base 110. 
[0004] These surface mount type antennas find a 
wide variety of applications including not only main an- 
tennas for cellular phones and the like but also chip an- 
tennas for wireless LANs and the Global Positioning 
System (GPS), and each has to be mounted in a nar- 
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rowly limited space in the cellular phone or the lice. As 
the frequency band of the electric wave used in tele- 
phone communication via the surface mount type an- 
tenna (800 to 900 MHz) and that of the GPS ellectric 
5 wave (1700 to 1900 MHz) differ from each othei; both 
the antenna for telephone communication and tfoat for 
receiving GPS infonnation have to be accommcwiated 
in the already tight space. 

[0005] In addition, the substrate over which th® sur- 
10 face mount type antenna is arranged is often mcKinted 
with devices emitting an electromagnetic wave, such as 
a loudspeaker, a vibrator and more recently a smalBCCD 
camera, accommodated in a metallic case. The fiimita- 
tton of the space frequently obliges the antenna to be 
IS arranged close to the loudspeaker and/or the vibfrator, 
and this an^angement might invite mutual interference 
between the metallic functional components, such as 
the loudspeaker, vibrator and small CCD camera^ and 
the antenna, 

20 [0006] A communication device such as a cellular 
phone is always required to be not only small and! sup- 
pressed in height but also adaptable to a wide band- 
width and highly efficient. The surface mount type chip 
antenna illustrated in Fig. 21 , though Improved in nwunt- 

25 ing ease, embodies no consideration for the perfomn- 
ance requirements of the antenna, such as a broad 
bandwidth and a high radiation gain. For. instance, as 
shown in Fig. 21, the level-gapped portion 120 is dis- 
posed around the whole circumferential face of a pris- 

30 matic base, and the tenninal portions 140 and 15CD are 
also provided all around the circumferential face. While 
these arrangements are intended to eliminate the cfilrec- 
tionality of the power feed electrode and increase the 
ease of mounting, they also Involve a problem thalt the 

35 terminal portions thicker than the level-gapped poraion, 
which constitutes a greater part of the side faces cff the 
base, limit the thickness of the base. In order to obtain 
an antenna having a broad bandwidth and a high (radi- 
ation gain, it is necessary to reduce the Q-value, VM^hich 

40 is in reverse proportion to these characteristics. Ih be 
more specific, this is achieved by using a material (of a 
low relative dielectric constant or .increasing the tlalck- 
ness of the base. On the other hand, the higher the rel- 
ative dielectric constant of the base, the shorter the ra- 

45 diation electrode. On account of these factors, if the 
bandwidth and the radiation gain are to be increased 
while keeping the relative dielectric constant of the base 
unchanged, the thickness of the base will have to be 
increased. Therefore, in the case illustrated in Fig- 21, 

50 even if required characteristics are satisfied, the addi- 
tional arrangement of the level-gapped portion over it 
will entail a problem that the base is further thickecned. 
Moreover, as the sectional area of the base is reduced 
correspondingly to the presence of the level-gapped 

55 portion, it is necessary to increase the length of the base 
In order to secure a sufficient winding length of the con- 
ductive wire. Furthermore, in the manufacturing aspect 
too, the conventional configurations require a groove to 
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guide the conductive wire or terminal caps, which adds 
to the manufacturing complexity and cost. 
[0007] Also, because of the aforementioned require- 
ment for reductions in size and height, the chip antenna 
and metallic functional components, such as a loud- s 
speaker and a vibrator, are often arranged close to each 
other over the circuit substrate. In such a case, it Is de- 
sirable to prevent mutual interference. 

SUMMARY OF THE INVENTION 10 

[0008] In view of these problenr^, an object of the 
present invention is to provide a surface mount type chip 
. antenna pemiitting ready impedance adjustment, excel- 
ling in mounting stability, expanded in bandwidth and im- is 
proved in radiation efficiency. 

[0009J Another object of the present invention is to 
provide an antenna device in which mutual interference 
between a chip antenna and metallic functional compo- 
nents, such as a loudspeaker and a vibrator. Is prevent- 
ed and communk:ation equipment using these chip an- 
tenna and antenna device. 

[OOiO] A surface mount type chip antenna according 
to the present Invention comprises a base made of a 
dielectric, magnetic substance or mixture thereof, at 25 
least one terminal portion provided on the mounted face 
of the base, a concave provided in the mounted face of 
the base except in the terminal portion, and at least one , 
conductive wire wound around the base. 
[0011] According to the invention, as the presence of 30 
the concave serves to reduce the area of contact be- 
tween the chip antenna and the substrate to be mounted 
therewith, advantages of satisfactory mounting stability 
and reducing the distortion due to the difference in ther- 
mal expansion coefficient from the substrate after the 35 
mounting are provided. The mounting stability here 
means the ease of mounting when the chip antenna is 
fixed to the substrate by soldering. The high mounting 
stability ensures a restrained level of insecurity of fixa- 
tion to the substrate. Therefore, the ease of automatic 40" 
assembling is improved. Regarding the antenna char- 
acteristic, a reduction in the inter-line capacity Cws be- 
tween the winds of the conductive wire contributes to 
expanding the bandwidth. The reason will be explained 
aftenwards with reference to Fig. 4. Further, if the relative 
dielectric constant Is the same, the thickness of the. base 
can be reduced, resulting in enhanced radiation efficien- 
cy and gain due to the concentration of the energy of 
the electromagnetic wave. 

[0012] Preferably in the surface mount type chip an- so 
tenna according to the invention, the conductive wire 
should be a flat and rectangular conductive wire. This 
serves to reduce the impact of the skin effect, and this, 
together with the low D.G. resistance, provides the ben- 
efit of reduced losses. The reason will be explained af- ss 
terwards with reference to Fig, 6. 
[0013] In the surface mount type antenna device ac- 
cording to the invention, preferably the base of the chip 



antenna should be 5 nram or less In thickness and 30 mm 
or less in length, the depth of the concave, 4 mm or less, 
and the flat and rectangular conductive wire, 2 nnm or 
less in width and 0.01 to 0.2 mm in thickness. 
[0014] Further in the surface mount type chip anten- 
na, a plurality of the conductive wires and at least two 
of the terminal portions can be provided to be respon- 
sive to a plurality of frequency bands. This enables the 
antenna to be response to a plurality of, I.e. two or 
more, frequencies without requiring a filter. 
[0015] Another characteristic of the invention is real- 
ized in a surface mounttype antenna device comprising 
a surface mount type chip antenna arranged in the vi- 
cinity of, more speciflcaSly at a distance of no more than 
1/4 of the wavelength off the electromagnetic wave radi- 
ated from the chip antenna from, metallic functional 
components such as a loudspeaker, vibrator, small CCD 
camera and the like, and filter circuits connected to the 
power source side terminal of the metallic functional 
components. Incidentafiy in the context of the present 
Invention, the tenn "antenna device" covers the chip an- 
tenna, the metallic functional components and the: like. 
[0016] The invention can eliminate the constraint on 
the position of an-angement, and prevent, with a filter, 
mutual interference between, for Instance, a GPS Infor- 
mation reception antenna and a loudspeaker, vibrator 
arid the like without obstructing the function of the an- 
tenna for telephone communication. 
[0017] The Invention also provides communication 
equipment mounted with any of the surface mount type 
chip antennas or surface mount type antenna devices 
described above. 

[0018] The invention further provides the benefit of 
manufacturing ease and high sensitivity in the transrnis- 
slon and reception of signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Figs. 1 A, 1B, and 1C illustrate a surface mounttype 
chip antenna, which is a preferred embodiment of 
the present inventicwi: Fig. 1A shows an external 
perspective view; Ffc). 1 B, a perspective view re- 
vealing the conductive wire inside; and Fig. 1C, an- 
other perspective view of the antenna from the re- 
verse side. 

Figs. 2A and 28 illustrate the operational effects of 
the Invention: Fig. 2A shows the surface mounttype 
chip antenna according to the invention; and Fig. 
28, a front view of a surface mount type chip anten- 
na, which Is a comparative example, both mounted 
on a substrate. 

Fig. 3A shows an equivalent circuit to the surface 
mount type chip antesina according to the invention. 
Figs. 38, 3C and 3D illustrate the relation between 
the depth of the conicave of said antenna and ef- 
fects; Fig.. 38 shows dimensions of the antenna. 
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Fig. 3C shows the Q-value with respect to T/H of 
the antenna. Fig. 3D shows the bandwidth BW of 
the antenna. 

Figs. 4A and 4B schematicaliy show a section of the 
conductive wire; Fig. 4A shows a flat rectangular 5 
wire used in the invention; and Fig. 48, a round wire 
used in the comparative example. 
Figs. 5A, 58, and 5C illustrate the surface mount 
type chip antenna according to the invention mount- 
ed on a substrate: Fig. 5A shows a perspective 
view; Fig. 58, apian of the mounted face of the sub- 
strate; and Fig. 5C, a plan viewed from the reverse 
side to the mounted side. 

Fig. 6 pertains to an antenna device according to 
the Invention, roughly illustrating an embodiment in is 
which a chip antenna and metallic functional com- 
ponents are arranged close to each other. 
Fig. 7 shows an equivalent circuit to a filter circuit 
connected to temriinals on the power source side of 
a metallic functional component. 
Figs. 8A, 88, and 8C show an example of commu- 
nication equipment mounted with the surface mount 
type chip antenna according to the invention. 
Fig. 9 is a schematic diagram showing the ranges 
in which the power gain and the directionality pat- 25 
tern of the surface mount type chip antenna pertain- 
ing to the invention are measured. 
Fig. 1 0 shows the power gains and the directionality 
patterns of the surface mount type chip antenna 
pertaining to the invention. 30 
Fig. 11 shows the frequency characteristic of the av- 
erage gain of the surface mount type chip antenna 
pertaining to the invention. 
Figs. 12A, 128, and 12C Illustrate a surface mount 
type chip antenna, which is another preferred em- 35 
bodiment of the invention, mounted on a substrate: 
Fig. 1 2A shows a perspective view; Fig. 1 28, a plan 
of the mounted face of the substrate; and Fig. 1 2C, 
a plan viewed from the reverse side to the mounted 
side. 40 
Figs. ISA, 138, and 13C illustrate a surface mount 
type chip antenna, which is still another .preferred 
embodiment of the invention: Fig. 1 3A shows a front 
perspective view; Fig. 138, a perspective view from 
the reverse side; and Fig. 1 3C, the antenna mount- 45 
ed on a substrate. 

Figs. 14A and 148 illustrate a surface mount type 
chip antenna, which is yet another preferred em- 
bodiment of the invention: Fig. 14A shows a front 
perspective view; and Fig. 148, a perspective view so 
from the reverse side. 

Figs. 1 5A and 1 58 are schematic diagrams illustrat- 
ing the switching of a surface mount type chip an- 
tenna pertaining to the invention: Fig. 15A shows a 
case in which the antenna has one antenna ete- ss 
ment; and Fig. 158, a case in which It has two an- 
tenna elements. 

Figs. 16A, 168, and 16C show another example of 



communication equipment mounted with a surface 
mount type chip antenna according to the invention. 
Figs. 17A, 1 78, and 1 7C show still another example 
of communication equipment mounted with a sur- 
face nnount type chip antenna according to the in- 
vention. 

Fig. 1 8 shows the result of measurement of the fre- 
quency characteristic of an equivalent circuit shown 
in Fig. 7, 

Fig. 1 9 shows thefrequency characteristic of the av- 
erage gain of the antenna device shown in Figs. 6 
and 7 with a comparative case. 
Fig. 20 shows a perspective view of one example 
of conventional surface mount type chip antenna. 
Fig. 21 shows a perspective view of another exam- 
ple of conventional surface mount type chip anten- 
na. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODII\/IENTS 

[Basic configuration of chip antenna] 

[0020] Reffen-ing to Figs. 1A, 18, and 10, a surface 
mount type chip antenna 80 (hereinafter referred to sim- 
ply as the antenna) is composed of a base 1 0 consisting 
of a dielectric, a power feed temninal 21 provided at one 
end of the nrounted face (the rear face) 11 of the base 
10, a substrate fixing tenninal 22 provided at the other 
end of the nraounted face 11 of the base 10, a concave 
30 provided in the rear face 11, which constitutes the 
mounted face of the base, except a portion where the 
power feed ttemninal 21 and the fixing terminal 22 are 
arranged, and a conductive wire 40 spirally wound 
around the tase 10. 

[0021] No concave is provided in the other main face 
1 2, opposite to the mounted face 11 . This is Intended to 
reduce the Q-value of the antenna and thereby to broad- 
en the bandwidth by effectively utilizing the sectional ar- 
ea of the winding reel of the base 10 and maximizing 
the self-indudtance of the winding within the limited size. 
Since the resonance frequency of the antenna drops 
with an increase in self-inductance, It is made possible 
to reduce the size of the chip antenna with the reso- 
nance frequency being unchanged. 
[0022] Thepowerfeed tenninal 21 andthe conductive 
wire 40 can be electrically connected to each other by 
soldering, brazing, caulking, welding, crimping or other- 
wise. The power feed terminal 21 and the fixing terminal 
22 are formed in advance of electrodes of Ag, Ag-Pd, 
Cu or the like, and they can be formed by printing with 
electroconductive paste, plating, solder plating or other- 
wise. 

[0023] Fig. IB is a schematic diagram revealing the 
inside of the base 1 0 to facilitate visual perception of the 
connection among the power feed terminal 2 1 , the fixing 
terminal 22 an6 the conductive wire 40. The conductive 
wire 40 Is not connected to the fixing terminal 22, and is 
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electrically insulated by an open portion 42. Thensfore, 
though one end of the conductive wire 40 is connected 
to the power feed tenninal 21 at an connecting portion 
41 s, the other end 41 e of the conductive wire 40 is an 
open end, which transmits and receives electromagnet- s 
ic waves. 

[0024] Fig. IC shows a perspective view of the chip 
antenna 80, shown In Fig. 1A, fronn the .reverse side. 
Thus It shows an open end side profile .14. The other 
end 41 e of the conductive wire 40 is revealed to consti- io 
tute the open end 42 via an open portion 43. 

[Configuration of base concave] 

[0025] Figs. 2A and 2B illustrate the Effects of the con- 
cave 30 in the chip antenna 80 according to the inven- 
tion: Fig. 2A shows a case in which the concave 30 Is 
provided In the configuration of the Invention, and Fig. 
2B, it is not. * ' 

[0026] Referring to Fig. 2A, the Inter-line capadly Cws 20 
between the winds of the conductive wire 40 on the rear 
face 1 1 which constitutes the mounted face opfjosite to 
a substrate 50 is formed via air whose dielectric constant 
is 1 . Refen-ing to Fig. 2B on the other Hand, the Inter- 
line capacity Cws between the winds of the conductive 25 
wire 40 is formed via the reverse face H, constituting 
the mounted face, whose relative dielectric constant to 
the substrate Is about 4 to 5, because Xhd whole reverse 
face 1 1 , which serves as the mounted face, Is in contact 
with the substrate 50. Therefore, the Inter-line capacity 30 
Cwsi)etween the winds of the conductlve wire 40 in Fig. 
28 Is far greater than that In Fig. 2A, and this is unde- 
sirable. 

[0027] Next will be described, with reference to Fig. 
3A, the relative span of the bandwidth of the antenna 55 
between Figs. 2A and 28 cited above. Although In reality 
a resistance R of the conductive wire 40 and the like (not 
shown) Is present, here Is shown an Ideal state of zero 
In the resistance R, wherein the inter-line capacity Cws 
between the winds of the conductive wire 40 is connect- ^0 
ed in paralleltothe Inductance Lw of the conductive wlt^e 
40. 

[0028] Since the inter-line capacity Cws between the 
winds of the conductive wire 40 In Fig. 2B Is greater than 

that in Fig. 2A at least by the multiple of the diellectric ^5 
constant, the Q-value which represents the acuteness 
of the antenna Increases, and the bandwidth to which 
the reciprocal of the Q-value relates becomes narrower. 
By contrast, the chip antenna 80 according to the inven- 
tion shown in Fig. 2A Is small In Q-value and large in so 
bandwidth. To explain this aspect In some more detail, 
in the antenna equivalent circuit shown in Fig. 3A, Cws 
» Cwg holds, where Cws is the electrostatic cagDacity 
between winds and Cwg is the electrostatic capadity be- 
tween the windings and grounding provided on the sub- ss 
strata, because the relative dielectric constant of the 
base Is greater than the relative dielectric constant of 
vacuum (=1). Therefore, from the relationship of 



Qoc J (Cws I Lws) 
and a bandwidth BW oe 1/Q is derived approximately 

BW oc J(LwslCws) 

Thus, the greaterthe value of L and the smaller the value 
of C, the greaterthe bandwidth BW. As a result, even If 
the resonance frequency Is varied by the frequency fluc- 
tuation of the chip antenna or the approach of a human 
body (face, hand or the like) around a tennlnal, highly 
stable and reliable wireless communication can be re- 
alized. As the only dielectric around the winding of the 
antenna of Fig. 2A is the base and its Cws level is lower 
than that of Fig. 2B, a broader bandwidth can be 
achieved. For an even broader bandwidth, it is desirable 
to configure the base of a magnetic substance or a mix- 
ture of a dielectric and a magnetic substance and there- 
by Increase the self-inductance LWs. 
[0029] Also, because a broader bandwidth can be 
achieved, in the chip antenna according to the invention 
two conductors can be fomned to malce possible a dual 
band configuration which enables a single chip antenna 
to serve two frequencies. More specifically, two power 
feed tenninals for the antenna are provided In different 
positions on the base, and the conductors are spirally 
wound from these temninals around the base. The two 
tenninals can be positioned either at the two ends or 
near the center of the base, and the structure Is such 
that the two windings do not come into contact with each 
other. This configuration provides the advantage of elim- 
inating switches or filters for changing over the antenna. 
This point will be described In more specific ternis with 
reference to a preferred embodiment of the invention. 
[0030] Moreover, according to the present invention, 
thet arrangement of the concave 30 only on the mounted 
face side prevents the thickness of the terminal portions 
at the two ends of the base from determining the thick- 
ness of the base Itself as is witnessed in the convention- 
al configuration shown in Fig. 21 . With a base of the 
same relative dielectric constant, the base thickness 
can be reduced con^espondingly to the absence of the 
level-gapped portion over its upper face. Further, the 
presence of the concave 30 in the mounted face serves 
to reduce the area of contact between the chip antenna 
80 and the substrate 50 to be mounted with it. Accord- 
ingly, greater stability can be ensured In mounting and, 
after the mounting too, the Impact of distortion due to a 
difference in thermal expansion coefficient from the sub- 
strate can be reduced. 

[0031] in the preferred embodiment shown In Figs. 
1 A, 18, and IC, the concave 30 is formed with a level 
gap except at both ends of the base 10. The concave 
30 is fonned except In the positions of the power feed 
terminal 21 and the fixing terminal 22 provided at the 
two ends of the base 10. The expression here "except 
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in the positions of the power feed temiinal 21 and the 
fixing temiinal 22" does not mean all other parts than 
the powerfeed terminal 21 and the fixing temninal 22 but 
except the power feed terminal 2 1 and the fixing temiinal 
22 plus other parts necessary for their formation and for 
ensuring their sufficient strength. As schematically 
shown in Figs. 1A, IB, and 1C, a level gap is fonned 
slightly inward from each of the power feed tenninal 21 
and the fixing temninal 22. This level gap need not be a 
right-angled step, but may be inclined or have any other 
desired appropriate shape. 

[0032] Now, while the concave 30 may be formed in 
a finished base 10 by such means of machining as cut- 
ting and grinding, It can as well be Integrally fonned into 
the base 10 by pressure-shaping of powder with a me- 
tallic mold. By providing the metallic mold in advance 
with a convex portion matching the concave 30, the con- 
cave 30 can be fomned by plastic working when powder 
of the dielectric is sintered underpressure. This process 
Is superior in material yield and more productive. It is 
preferable for the depth dg of the concave 30 to be 0.01 
mm or more and not more than about 1/2 of the thick- 
ness of the base 10. If It is Less than O.oi mm, the con- 
cave will have no effect to stabilize mounting or to in- 
crease the bandwidth, and If It is more than about 1/2 of 
the thickness of the base 10, the sectional area of the 
base 10 will decrease to reduce the sectional area of 
the reel of the conductive wire 40, which might invite a 
drop in antenna gain. 

[0033] The depth of this concave will be explained 
with reference to drawings. Referring to Fig. 3B, L In L 
(H), which represents the self-inductance of the anten- 
na, can be expressed in the following equation: 



L = n X Tx Wx yi 



(1) 



where n is the number of turns of the winding, and |i, 
the penneability (= x being the specific per- 

meability of the base and being the penneability of 
vacuum (= 1 .257 X 1 0-6 H/m). 
[0034] ... The static capacity C[F] attributable to the an- 
tenna winding can be expressed in the following equa^ 
tlon: 



0= ~ X (T+ 140 X 2 X P xe 



(2) 



15 



20 



25 



10-12 F/m). 

[0035] With the resonance frequency of the antenna 
being represented by f o[Hz]: 



10 



f 



Substitution of Equations (1) and (2) into (5) gives: 



(4) 



(5) 



(6) 



Figuring out the Q-value with respect to T/H will give the 
result of Fig. 3C, where D = 30 [mm], P = 1 [mm], W = 
3 [mm], ec = 30 and li^ = 1 • The bandwidth BW of the 
antenna can be obtained by the following equation: . 



(7) 



where t is the effective dielectric constant of the base: 



: = J(ecx lf + {^'^fxtQ (3) 



EC being the relative dielectric constant of the base and 
8o being the dielectric constant of vacuum (= 8.856 x 



[0036] The result is given in Fig. 3D where fo = 800 
[MHz]. 

30 [0037] These results endorse the preferability of the 
range of T/H which is not more than about 1/2 of the 
base thickness. 

[0038] Next will be discussed the preferable range of 
the dimensions of the base 10. The preferable length Is 

35 1 0 to 30 mm. A length of less than 1 0 mm would make 
winding of the conductive wire 40 difficult, while a length 
of more than 30 mm would be too great and accordingly 
not preferable for a surface mount type chip antenna. 
The preferable width is 2 to 1 0 mm. A width of less than 

40 2 mm would make winding of the conductive wire 40 dif- 
ficult, while a width of more than 10 mm would be too 
. great and accordingly^ppt preferable for a surface mount 
type chip antenna. The preferable thickness Is 1 to 5 
mm. A thickness of less than 1 mm would make winding 

45 of the conductive wire 40 difficult, while a thickness of 
more than 5 mm would be too great and accordingly not 
preferable for a surface mount type chip antenna. 

[Configuration of conductive wire] 

[0039] In the present invention, the sectional shape of 
the conductive wire 40 can be either round or flat and 
rectangular, and its form can be selected from a wide 
. variety including plate and foil, but a flat and rectangular 
55 plate-shaped wire Is preferable. 

[0040] The reason forthis choice will be described be- 
low with reference to Figs. 4A and 4B. The flat and rec- 
tangular conductive wire pertaining to the invention has 
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a relationship of Ww > Tw as shown In Figs. 4A and 4B. 
Here, Ww represents the width of the conductive wire 
40 and Tw, the thickness of the conductive wire 40. Fig. 
4A shows a case in which a flat and rectangular con- 
ductive wire is used as the conductive wire 40 and Fig. 
4B, a case in which a round wire is used. As shown in 
Fig. 4A, as a flat and rectangular conductive wire Is in 
face contact with the base 1 0, electric lines of force EL 
are uniformly distributed within the base 1 0. On the other 
hand, as a round wire is in point contact with the base 
10 as shown in Fig. 4B, electric lines of force EL con- 
centrate. Therefore, use of a round wire would invite 
greater losses because high frequency currents would 
flow concentrating in the vicinities of the point of contact. 
By contrast, use of a flat and rectangular conductive wire 
would result In an improved antenna gain, because the 
resultant even flow of currents all over would serve to 
reduce losses. 

[0041] Furthermore, since a round wire would be only 
in point contact, a groove or some other fixing means of 
preventing the wire from displacement or deviation 
would be needed, but no such fixing means would be 
necessarily needed where a flat and rectangular con- 
ductive wire is used. 

[0042] The constituent material of the conductive wire 
40 can be selected from such conductors as copper, sil- 
ver, gold, aluminum, nickel and alloys thereof. An ele- 
ment or elements prescribed for improving the weather- 
proofness and other desirable properties could be add- 
ed to one of such materials as copper, silver, gold, alu- 
minum and nickel. An alloy of a conductor and a non- 
metallic substance may be used as well. Frequently 
used constituent materials include copper and Its alloys 
by virtue of their lower cost, resistance to corrosion and 
machining ease. 

[0043] Where copper or one of Its alloys Is to be used 
for the conductive wire 40, the thickness Tw of the con- 
ductive wire 40 should preferably be 0.01 to 0.2 mm. If 
the thickness Tw of the conductive wire 40 is less than 
0.01 mm, the conductor resistance will increase to invite 
losses. If the thfckness Tw of the conductive wire 40 is 
more than 0r2 mm, the bending strength will become too 
great, and may adversely affect the working ease of the 
conductive wire or damage the base 1 0. Where the con- 
ductive wire 40 Is to be made of aluminum, gold or the 
like, this thickness range may be reviewed as appropri- 
ate. On the other hand, the thickness Tw of the conduc- 
tive wire 40 can be selected as appropriate from a range 
from a few times as great as this thickness Tw to about 
2 mm. 

[0044] Further, in order to reduce the inter-line capac- 
ity Cws of the conductive wire 40, the pitch Pw of the 
winds of the flat and rectangular conductive wire 40 
should be relatively wide. Also, decreasing the thick- 
ness Tw of the conductive wire 40 would help reduce 
the inter-line capacity Cws of the conductive wire 40. 
This is because the areas of the opposite sides of the 
flat and rectangular wire would be thereby decreased. 



As these factors including the width Ww of the conduc- 
tive wire 40, the pitch Pw of the winds of the conductive 
wire 40 and the thickness Tw of the conductive wire 40 
in combination are relevant to electrical characteristics 

5 including the inter-line capacity, they can be detennined 
according to the required characteristics of the antenna. 
Thus a relation of Cws oc Ww x Tw/(Pw - Ww) holds. 
Where the sectional area of the conductive wire is rep- 
resented by Aw. if Aw = Ww x Tw(= constant), Ww = 

10 Aw/Tw will hold. Substituting this into the foregoing 
equation gives Cws « Aw/(Pw - Aw/Tw), Therefore, the 
greater the Tw, the smaller the Cws and the greater the 
bandwidth theoretically, but as it is dSfficult in actual an- 
tenna manufacturing to wind a wire in a relation of Ww 

IS < Tw, It Is more reasonable to detemnine in advance the 
Tw for the winding, and figure out the right Tw and Pw 
from the required bandwidth. 

[0045] Next will be described one example of nnethod 
of forming the conductive wire 40 with reference to Figs. 

20 1 A, 1 B, and 1 C. A base 1 0 over whfch the power feed 
ten7iinal21 and the fixing terminal 22 are pattern-printed 
In advance Is prepared. With its end faces 15 and 16 
being held between jigs (not shown), the base 1 0 is set 
onto a winding machine (not shown). Similarly, a long 

25 conductive wire 40 of 0.8 mm in width Ww and 0. 1 3 mm 
in thtekness Tw, wound around a reel!, is set onto a wind- 
ing machine. The power feed temriinal 21 and the con- 
ductive wire 40 are fixed to the connecting portions 41 
by soldering. By shifting the conductsve wire machine in 

30 the lengthwise direction of the base 10 while rotating the 
base 10, the conductive wire 40 is' v»/ound around the 
base 10 by 3.5 turns. 

[0046] For use in the present invention, though the 
conductive wire 40 may be either roojnd or rectangular 

35 In sectional shape, the use of a flat and rectangular wire 
helps stabilize conductive wiring on tlhe base 1 0 as stat- 
ed above. Where a round or simply rectangular conduc- 
tive wire 40 may deviate in the lengQtiwIse direction of 
the base 10 during the conductive wring work, and a 

40 groove in which to fit the conductive wire may have to 
be cut in the base 10, a flat and rectajngular wire can be 
wound round the base 1 0 immovably by virtue of its own 
rigidity. As the configuration so far described miakes un- 
necessary any bobbin for the condoactive wire or any 

45 groove cut into the base 1 0 in which to fit the conductive 
wire, the freedom of design regarding the dimensions of 
the conductive wire 40, namely the wSdth Ww and thick- 
ness Tw of the conductive wire 40, the pitch Pw of the 
winds of the conductive wire 40, and tfine number of turns 

so of the conductive wire 40 is enhanced, and the use of 
general purpose winding machines and jigs is facilitat- 
ed. If the sectional area of the wire Is the same, winding 
a flat and rectangular round the base can serve to re- 
duce the thickness of the wound layer, resulting in athin- 

55 ner and smaller antenna, which In turn contributes to 
making the radio apparatus more compact. 
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[Configuration of antenna base] 

[0047] The shape of the base 10 can be selected as 
appropriate for a given purpose, but a prismatic shape 
can contribute to greater mounting stability and preven- 5 
tlon of accidental turning of the chip antenna 80 among 
other advantages. Therefore, this shape facilitates en- 
suring of mounting stability and the positioning over the 
substrate 60. 

[0048] The material of the base 1 0 may be a dielectric, 
magnetic substance or mixture thereof. 
[0049] Where a dielectric is to be used for the base 
1 0, its wavelength shortening effect contributes to re- 
ducing the antenna size. Alumina can be used, for ex- 
ample. Specific examples of alumina composition fit for ^5 
the purpose include AI2O3 of 92 wt.% or more, Si02 of 
6 wt.% or less, UgO wt.% of 1 .5 wt.% or less, FegOa of 
0.1 wt.% or less and NagO of 0.3 wt.% or less. Other 
usable materials include forsterite, magnesium titanate 
compounds, calcium titanate compounds, zirconla-tin- 20 
titanium compounds, barium titanate compounds, lead- 
calcium-titanium compounds, silicon nitride, silicon car- 
bide and other ceramics. 

[0050] Where a magnetic substance Is to be used for 
the base 1 0, as it can have a high inductance Lw, the 25 
Impedance of the material can be increased to reduce 
the Q-value of the antenna and thereby to expand its 
bandwidth. 

[0051] Where a mixture of dielectric and magnetic 
substance is to be used for the base 1 0, its wavelength 30 
shorting effect can.be utilized to reduce the chip antenna . . 
size, and its effect to lower the Q-value of the antenna 
can serve to expand Its bandwidth. This is because the 
wavelength shorting effect works both in terms of the 
dielectric constant e and the penneability \x as 35 

Loci/7(i^). 

where L Is the chip antenna length. This is because the 40 
Q-value of the antenna is enhanced as \jJe governs the 
impedance. The magnetic material should pr^fjerably be 
highly permeable, but the losses increase as the fre- 
quency rises. For this reason, a high-frequency but low- 
loss magnetic material is preferable for use in antennas 
for cellular phones, and the actually used ones include 
Mn-Zn ferrites, Ni-Zn ferrites and ferrites of the hexag- 
onal system. Magnetic materials for use in low-frequen- 
cy antennas for radios and the like include pennaltoy, 
Fe-based amorphous materials, Co-based amorphous 50 
materials, Fe-based hyperf ine crystal materials and oth- 
er metallic soft magnetic materials. 

[Antenna device 1] 

55 

[0052] Figs. 5A, 5B, and 5C Illustrate an example of 
antenna device configured by mounting the chip anten- 
na 80 described above over the circuit substrate 50. One 



end of the conductive wire 40 is connected to a high- 
frequency power sourcae via a power feed electrode pat- 
tern 51. A fixing pattern 52 is intended to fix the chip 
antenna 80 by soldering to the substrate 50 via theflxing 
terminal 22. Between the fixing pattern 52 and a ground 
pattern 53 is formed art electrostatic capacity with a gap 
in-between. Since in the chip antenna 80 embodying the 
Invention in this manner, the open end of the coriductlve 
wire 40 is isolated from tthe open portion 42 by the fixing 
temiinal 22 and accordOngly by the fixing pattern 52 as 
described with reference to Fig. 1 B, the electrostatic 
capacity CWg between the conductive wire 40 and the 
ground is further reduced, and the bandwidth of the an- 
tenna is corresponding!!^ expanded. 
[0053] Fig. 5B shows a plan of the substrate 60 
viewed from the side where the chip antenna 80 is 
mounted, and Fig. 5C, apian of the substrate 50 viewed 
from the rear face side. Referring to Fig. 5C, there is no 
ground pattern 53 in the portion matching the face on 
which the chip antenna 80 is mounted, so that no elec- 
trostatic capacity can be fomried between the chip an- 
tenna 80 and the substrate 50. This enables the band- 
wldth.to be expanded. To add, referring to Fig. 58 again, 
the other side of the power feed pattern 51 of the power 
feed tenrtinal 21 is connected to the ground pattern 53 
and thereby grounded. 

[Antenna device 2] 

[0054] Fig. 6 is a partial schematic diagram of com- 
munication equipment 99, such as a cellular phone, us- 
ing an antenna device mounted with a surface mount 
type chip antenna. A second object of the present in- 
vention is to prevent interference between any metallic 
functional component, such as a loudspeaker, and a 
chip antenna arranged ctose to it. In this antenna device, 
where the chip antennas 80 and 80' are an^anged at dis- 
tances not longer than a 1/4 wavelength of the electro- 
magnetic waves radiating from metallic functional com- 
ponent including a loudspeaker 60 and a vibrator 70, 
and the antenna adjolningthem, filter circuits 61 and 71 
are connected to terminaOs on the power supply unft 63 
side of the metallic functional components. Incidentally, 
the chip antenna for use here may be of course the chip 
antenna 80 described above, but is not limited to this. 
Any known conventional chip antenna 80* can as well 
be used. Thus the essential point of this aspect of the 
Invention is, in an antenna device in which metallic func- 
tional components and a chip antenna adjoin each oth- 
er, to connect filter circuits to the power source side ter- 
minals of metallic functiooial components, but the type 
of the chip antenna does mot matter. Further, though Rg. 
6 Illustrates an example in» which the chip antenna 80 or 
80' and the filter circuits 61 and 71 are separately pro- 
vided, they can as well be integrated Into a module. A 
module In which chip antennas and filters are integrated 
or one in which filters ami metallic functional compo- 
nents can as well be archntected. 
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[0055] Now in a communication/control unit 73 taking 
charge of communication by and control over the cellu- 
lar phone 99 In the Illustration of Fig. 6, the power supply 
unit 63 is connected bylines 67 and 77 and supplies 
drive currents to the loudspeaker 60 and the vibrator 70 
via the filters 61 and 71 . On the other hand, the chip 
antenna 80 or 80' is connected via a line 65. Over the 
circuit substrate is an^anged the IC of the communica- 
tion/control unit 73 and the power supply unit 63, and 
iines.64, 65, 67, 74 and 77 are print-wired. The circuit 
substrate 50 has notches, in which the loudspeaker 60 
and the vibrator 70 are separately arranged. The con- 
nection between the loudspeaker 60 and the vibrator 70 
on one hand and the filters 61 and 71 on the other is 
accomplished with leads 62 and 72. This separate ar- 
rangement contributes to reducing the height. As a fur- 
ther contrivance to reduce the thickness (the dimension 
in the Z direction) of the cellular phone 99 Is the arrange- 
ment of the chip antenna 80 or 80* on the rear face of 
the printed circuit board 50. The filters 61 and 71 are 
composed of LC filters 611 and 612 as shown in Fig. 7, 
and they are notch filters which cut off a specific frequen- 
cy band each. According to the invention, as described 
above and illustrated in Fig! 7, filter circuits consisting 
of notch filters or the like are connected to the power 
source side terminals of such metallic functional com- 
ponents and the loudspeaker 60 and/or the vibrator 70. 

(Embodiment 1) 

[0056]" The chip antenna 80 according to the present 
invention will be described below in more specific tenns 
with reference to preferred embodiments of the inven- 
tion. A copper wire of 0.8 mm in width Ww is wound 3.5 
. turns around the base 1 0 of a dielectric measuring 3 mm 
in width, 15 mm in length and 2 mm in width to constitute 
a conductive wire 40 layer of 0.13 mm in thickness Tw. 
The depth dg of the concave 30 is 0.5 mm. As the power 
feed temninal 21 and the fixing terminal 22 are used Ag 
electrodes pattern-printed in advance. 
[0057] To add, the metallic functional components in 
the embodiment can be arranged close to xhe surface 
mount type chip antenna, i.e. within the range of 1/4 of 
the wavelength of the electromagnetic waves received 
by the antenna. 

[0058] To cite an example regarding X/A with respect 
to a cellular phone in a specific communication system, 
the following can be said. 

[0059] First, where the frequency of the carrier used 
in the communication system is represented by fo 
[MHz]: 

X/A = 300 X 1000/fo/4 [mm] holds, 
and hence: 

for a cellular phone (in a frequency band of 800 
MHz, }JA = 93.75 [mm] or less. 



for a wireless LAN or Bluetooth (in a frequency 
band of 2400 MHz), X/4 = 31 .25 [mm] or less, and 

for a wireless LAN(in a frequency band of 5 GHz)i 
A/4= 15 [mm] or less. 

5 [0060] To add, in the case of a cellular phone, expe- 
rience shows that the antenna is significantly affected 
by metallic components mounted within a 30-mm radius 
of it. For this reason, the invention is particularly suitable 
for use in a cellular phone In which metallic components 

10 are mounted within a Xyi 0 radius. 

[0061] Figs. 8A, 8B, and 8C show an example of com- 
munication equipment 99 provided with the chip anten- 
na 80 mounted over the substrate 50. This communica- 
tion equipment 99 was tested in an anechoic chamber 

IS with an antenna gain measuring device using a network 
analyzer to measure the power gain and the direction- 
ality pattern of the antenna. The measurement was' 
done on the ZX plane shown in Fig. 9, and the oscillating 
directions of the vertical polarization and the horizontal 

20 polarization are the directional components shown in 
Fig. 9. 

[0062] Fig. 10 shows the power gains and the direc- 
tionality pattems of the vertical polarization (solid line) 
and the horizontal polarization (broken line). The anten- 

25 na of this embodiment was thus confirmed to have sat- 
isfactory antenna characteristics. 
[0063] The frequency characteristic of the average 
gain is shown in Fig. 11. The average gain represents 
the average of the gains of the vertical polarization 

30 shown in Fig. 10. It is seen that satisfactory antenna 
gains of -4 dBi or more are achieved over a broad fre- 
quency range. Thus, a broad bandwidth is attained. 
Here, dBi is the unit of measuring the output emitted by 
an antenna relative to a reference antenna, and ex- 

35 pressed In declbfsls. 

[0064] Next, a similar test was can-ied out with a con- 
ventional chip antenna shown in Fig. 21. The average 
in this case was as low as -7 dBi. Also, the bandwidth 
was found to be about 1/2 of that of the antenna accord- 

40 ing to the invention. 

(Embodiment 2) 

[0065] Figs. 12A, 12B, and 12C illustrate another pre- 

45 ferred embodiment of the invention. Fig. 12A shows an 
example in which the fixing terminal 22 is connected to 
the ground pattern 53 in Embodiment 1 . Fig. 1 2B shows 
a plan of the mounted face, and Fig. 1 2C, a plan viewed 
from the reverse side to the mounted side. In this case, 

50 the distance between the open end 42 and the ground 
pattem 53 is shortened, and the electrostatic capacity 
. that is formed is enlarged. Further in this embodiment, 
the power feed temninal of the chip antenna and a 
grounding conductor on the substrate side are connect- 

55 ed. With this structure, the antenna input side imped- 
ance was adjusted to 50 £2. In this way, the bandwidth 
and the antenna gain can be regulated. In this case too, 
as in Embodiment 1 , the bandwidth is 120 MHz at a fre- 
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quency of 850 MHz, sufficient as the bandwidth for cel- 
lular phones. The antenna gain is 0 dB, no Inferior to 
that of any conventional whip antenna. 

(Embodiment 3) 

[0066] Figs. 1 3A, 1 3B, and 1 3C illustrate an example 
in which two conductors 44 and 45 are wound to match 
dual bands. Fig. 13B shows a view reverse to F^. 13A. 
The first conductor 44 is wound clockwise around the 
base 1 0 from a power feed tenninal 21 L to forni an open 
end 43L, while the second conductor 45 is wound coun- 
terclockwise around the base 1 0 from a power feed ter- 
minal 21 R to fomri an open end 43 R. 
[0067] Fig. 13C shows the antenna mounted on the 
substrate 50. The power feed terminals 21 R and 21 L at 
the two ends of the surface mount type chip antenna 80 
are connected to a high-frequency power source via 
power feed pattems 51 R and 51 L. In this case too, as 
in Embodiment 1 , satisfactory bandwidths and antenna 
gains were obtained. By varying the numbers of turns 
of the two windings, they can be differentiated in reso- 
nance frequency, and dual band operations are gener- 
ated. Although the foregoing description of Embodiment 
3 supposes that the directions of the two windings are 
reverse to each other, dual band antenna operations 
can also be achieved even if the two are wound In the 
same direction. 

(Embodiment 4) 

[0068] Figs. 1 4A and 1 4B show still another preferred 
embodiment of the invention. The first conductor 44 is 
wound clockwise around the base 10 from the power 
feed terminal 21L to form the open end 43L, and the 
second conductor 45 is also wound clockwise around 
the base 10 from a power feed tenninal 21 M, provided 
in the central part of the base 10, to fomi an open end 
43M. 

[0069] Fig. 14B shows a view reverse to Fig. 14A. In 
this case too, as in Embodiment 1, satisfactory band- 
Widths., and antenna gains were obtained. To be more 
specific, at a frequency of 850 IVIHz, the bandwidth is 
110 MHz and the antenna gain, 0 dB, no inferior to that 
of any conventional chip antenna or whip antenna. 
[0070] Figs. 1 5A and 1 5B are schematic diagrams il- 
lustrating the switching of the surface mount type chip 
antenna pertaining to the invention: Fig. 15A shows a 
case in whk:h the antenna has one antenna element as 
in Embodiments 1 and 2; and Fig. 15B, a case in which 
it has two antenna elements. In the latter case, as de- 
scribed with reference to Embodiments 3 and 4, signals 
can be Independently transmitted from and received by 
the first conductor 44 and the second conductor 45 
wound round the single base 10, and the input/output 
temiinals for that purpose can be fonned from the single 
base. Accordingly, there is no need for an antenna du- 
plexer, band-pass filter or switch. Since the surface 



mount type chip antenna pertaining to the invention has 
a broad bandwidth as shown in Fig. 11 , even signals of 
F1 and F2 wide apart in frequency can be handled by a 
single surface mount type chip antenna. 

5 

(Embodiment 5) 

[0071 ] Figs. 1 6A, 1 6B. 1 6C, 1 7A, 1 7B, and 1 7C show 
other examples of communication equipment 99 mount- 
to ed with the surface mount type chip antenna 80 accord- 
ing to the invention. The surface mount type chip anten- 
na 80 can be arranged not only in the mounting position 
shown in Fig. 8 but also in various other positions. This 
is because the surface mount type chip antenna 80 ac- 
^5 cording to the invention manifests a favorable direction- 
al pattern as shown in Fig. 10. In both cases, the chip 
antenna and the transmitter/receiver circuit are connect- 
ed by a transmission line. This line can be configured of 
a coaxial cable, a flexible cable, a microstrip line f omned 
20 over the substrate, or the like. Further, where the anten- 
na is arranged near the microphone on the keyboard 
side of the cellular phone as shown In Figs. ISA, 16B, 
and 1 6C, the antenna is away from the user's head when 
the cellular phone is used, and the resultant decrease 
25 in the partial absorption of the. electromagnetic wave 
transmitted from the antenna provides the benefit of re- 
ducing the disturbance of directionality and ensuring 
stable communication. 

30 (Embodiment 6) 

[0072] Another aspect of the invention relates to an 
antenna device in which the chip antenna and metallic 
functional components such as a loudspeaker, vibrator, 
35 small CCD camera and the like are arranged close to 
each other, and filter circuits are connected to the power 
source side tenninal of these metallic functional compo- 
nents (see Fig. 6 and Fig. 7). Fig. 18 shows the result 
of measurement of the frequency characteristic of an 
40 equivalent circuit shown in Fig. 7 with a network analyz- 
er, wherein capacitors C and the inductors L of notch 
filters 61 and 71 centering on 1 ,575 GHz are 0.5 pF and 
18 nH, respectively. The insertion losses of the notch 
filters (= the absolute values of S21 parameter meas- 
45 urements [dB]) reached their maximum of 47 dB in the 
vicinity of a frequency of 1 575 MHz. The greater the in- 
sertion loss, the easier the cut-off of input signals, and 
this cut-off frequency fc [Hz] is determined from the fol- 
lowing equation from the combination of the circuit ele- 
50 ments of the notch filters (L and C): 



fc = 2nJ{L X C). 

55 [0073] By using filters having such a frequency char- 
acteristic centering on 1575 MHz, the resonant current 
of the resonance frequency 1575 MHz of the antenna 
can be prevented from flowing to the metallic functional 
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components. In the absence of the notch filters 61 and 
71 shown in Fig. 6, the inductivecoupling of the resonant 
current flowing in the chip antenna would be oriented in 
the direction in which the metallic portions around the 
antenna prevent the antenna current from flowing to the 
grounding conductor. The resultant obstruction of the ra- 
diation of the electromagnetic wave from the antenna to 
the space would invite a drop in radiation efficiency and 
gain. By providing, between the metallic components 
and the grounding conductor on the substrate, notch fil- 
ters of the same frequency band as the electromagnetic 
wave as shown in Fig. 6, the currents flowing through 
the metallic components can be obstructed, enabling 
the electromagnetic wave to be efficiency radiated from 
the antenna. Incidentally, the distance at which currents 
are more likely to be Induced in the metallic components 
by the resonant currents of the antenna is at or below a 
1/4 wavelength of the electromagnetic wave and, in this 
embodiment as well, using this distance contributes to 
enhancing the efficiency and gain of the antenna. 
[0074] Next, Fig. 19 shows the frequency character- 
istic of the average gain. The testing conditions here are 
the same as those for Fig. 1 8, and the measuring instru- 
ment used was a network analyzer. In measuring the 
gain, power radiating from the tested antenna, used as 
the transmission antenna in the anechoic chamber, was 
received with a reference antenna for reference use, 
and evaluation was made in terms of the ratio between 
this received power and the power received by a refer- 
ence antenna used as the transmission antenna. The 
unit dBic is the decibel count indicating the gain of an 
imaginary antenna radiating power uniformly In every di- 
rection in circular polarization. The solid line represents 
the present invention and the broken line, a comparative 
example. Curve A refers to a case in which only the loud- 
speaker 60 is mounted as a metallic functional compo- 
nent and the filter 61 is provided; curve B, a case In 
which the loudspeaker 60 andthevibratorZOare mount- 
ed and the filters 61 and 71 are provided; and curve C, 
the comparative case in which neither filter 61 nor 71 is 
used. 

[0075] From Fig. 19, an Improvement in average gain 
by 1 dB or more is seen in curve B, which represents 
the use of the filters, over curve C representing the com- 
parative example. This effect is attributable to the pres- 
ence of the filters 61 and 71 . 

[0076] According to the present invention, a chip an- 
tenna which allows manufacturing in a simple process, 
ready adjustment, excels in mounting stability and has 
a broad bandwidth and enhances radiation efficiency 
can be realized. 



Claims 

1. A surface mount type chip antenna comprising a 
base made of a dielectric, magnetic substance or 
mixture thereof, at least one terminal portion pro- 



. vided on the mounted face of said base, a concave 
provided In the mounted face of said base except 
in said terminal portion, and at least one conductive 
wire wound around said base. 

5 

2. A surface mount type antenna device comprising a 
surface mount type chip antenna arranged in the 
vicinity of metallic functional components, and filter 
circuits connected to the powersource side terminal 

10 of said metallic functional components. 

3. The device of claim 2, wherein said metallic func- 
tional components include at least one of a loud- 
speaker, a vibrator and a small CCD camera. 

15 

4. The device of claim 2 or 3, wherein the shortest dis- 
tance between said surface mount type chip anten- 
na and metallic functional components is not more 
than 1/4 of the wavelength of the electromagnetic 

20 wave radiated from that chip antenna or received 
by the antenna. 

5. The device of any one of claims 2 to 4, wherein said 
chip antenna comprises a base made of a dielectric, 

25 magnetic substance or mixture thereof, at least one 
terminal portion provided on the mounted face of 
said base, a concave provided in the mounted face 
of said base except in said terminal portion, and at 
least one conductive wire wound around said base. 

30 

6. The subject matter of any preceding claim, wherein 
said conductive wire is a flat and rectangular con- 
ductive wire and constitutes a chip antenna spirally 
wound in said concave. 

35 

7. The subject matter of any preceding claim, wherein 
the base of said chip antenna is 5 mm or less in 
thickness and 30 mm or less in length, the depth of 
the concave is not more than 1/2 of the thickness 

"to of said base, and said flat and rectangular conduc- 
tive wire Is 2 mm or less in width and 0.01 to 0.2 mm 
in thickness. 

8. The subject matter of any preceding claim, wherein 
45 a plurality of said conductive wires and at least two 

of said terminal portions are provided to be respon- 
sive to a plurality of frequency bands. 

9. A communication equipment mounted with the sur- 
50 face mount type chip antenna according to any one 

of claims 1 and 6 to 8. 

10. Communication equipment mounted with the sur- 
face mount type chip antenna device according to 

55 any one of claims 2 to 8. 
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FIG. 2A 
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